Dromedary camels produce more milk for a longer period of time than any other milk animal held under the same harsh conditions. Produced milk is a primary source of some pastoralists' food, nutrition and income security all year round. However, there are limited research efforts on exploiting camel milk potential and its promotion for consumption and marketing. Thus, a cross-sectional survey was conducted on 100 camel herders; nine traders and three cooperatives during March to April 2017 in Afar region of Ethiopia. Besides, discussions were held with district leaders, end consumers and local elders. Collected data were analysed using descriptive statistical tools, figures and diagrams. The survey result revealed that 56.6% camel herds were lactating. Milking was done by men twice (67%) and three times (33%) per day with an average of 4.2 L per camel. A total of 82% of the camel herders were marketers, and women were dominant. Camel herders sold an average of 14.3 L milk per day at an average price of USD 0.95 per litre, whereas middlemen sold an average of 35.8 L at USD 1.22 per litre. The milk trade was done at herders' farm gate (18.3%), main road-sides (58.5%) and nearest towns (23.2%) using small plastic pots (68.3%) and plastic jerrycans (31.7%). Amongst the three marketing channels, 69.9% of the milk was directly sold to end consumers and fetched a higher price than other marketing channels, but the routes are limited to local markets. The camel herders perceived that they satisfied with milk for its nutritional, medicinal, social and economic values. Therefore, interventions need to focus on exploiting opportunities, addressing challenges/constraints in camel milk production and its marketing chain efficiency and effectiveness.
Introduction
More than 80% of the camel population inhabits Africa with 60% in the eastern African countries (Sudan, Somalia, Ethiopia and Kenya) (Faye 2015) . Dromedary camels produce more milk for a longer period of time than any other milk animal held under the same harsh conditions. Camel milk is a valuable food source for humans in the arid and semi-arid environment of eastern Africa (Farah et al. 2007 ); particularly, it is a primary source of food, nutritional and income security all year round for some pastoralists in the region (Elhadi et al. 2015; Kebede et al. 2015; Wako 2015) . Furthermore, camel milk enhances livelihoods and contributes to national and global economic growth and development (Faye et al. 2011) . Camel milk is also used as a traditional medicine to treat several diseases, and as a result, it builds the immune system of human beings when consumed occasionally (Kumar et al. 2004; Sharma and Singh 2014; Yadav et al. 2015; Jilo 2016) . Therefore, camel milk is at the core of some pastoralists' culture, life and health and is considered as white gold of the desert (Gul et al. 2015) .
The pastoral area of Ethiopia is the main camel belt in the horn of Africa. It is known by a camel culture, a monoculture which is expressed as an adaptation to arid ecology through dependence on the camel based on uniform husbandry methods and mobility . In Ethiopia, camels are mainly reared in Afar and Somali regions and Borena and Kereyu areas of Oromia region (Tekle and Tesfay 2013) . Ethiopia holds a third of the world camel population that is about 2.4 million heads, of which 458,760 were lactating camels (FAO 2011), with an annual milk production of 608,315,760 L that roughly generates USD 196,449,900 (Hussein et al. 2011 ). Utilization of the milk is largely governed by the need of the community and other cultural and traditional limitations, but selling of camel milk was not common in Afar tradition. Most of the Ethiopian pastoralists use milk as a staple food, which indicates the prestigious value of camel in the region. As a result, camels' contribution to immediate and direct household income was low in comparison with other livestock products (Tadesse et al. 2013) . Despite the significance of camel milk to livelihoods of the pastoralists in Afar, camel milk potential and its marketing has not been fully explored by government and private sectors as compared to cows' milk. This study, therefore, aimed at investigating the status of camel milk production and marketing, and the corresponding importance, opportunities and challenges in pastoral households of the Afar region.
Study area
Afar Regional State is one of the nine regional states of Ethiopia and lies between latitude 11°49′ N and longitude 41°25′ E and covers an estimated area of 270,000 km 2 . The altitude of the region ranges from 116 m below to 1600 m above sea level; its temperature varies from 25 to 48°C and average annual rainfall registered 187.9 mm. It is the homeland of Erta-Ale active volcano and the world's oldest hominid fossils-Lucy, Ardi and Selam. It is also rich in salt, potash, sulphur, manganese, bentonite, aluminium, marble, gypsum and petroleum and is promising in geothermal energy. The Great Rift Valley passes through the southern part of the region which consists of the Awash River valley which drains into a string of lakes along the Ethiopian-Djibouti border. Hence, as depicted in Fig. 1 , the study districts lie along this international highway and Awash valley. It has common boundaries with the State of Eritrea in the northeast, Tigray in the north-west, Amhara in the southwest, Oromia in the south, the State of Somalia in the south-east and the Republic of Djibouti in the east (EPRDF Portal 2018).
The region had a population of 1,390,273 according to the last census, comprising 775,117 men and 615, 156 women; urban inhabitants are 185,135 of the population and 1,205,138 are pastoralists (CSA 2012). Livestock is the basis of livelihood for the Afar people, with a population of 703,424 cattle, 1,003,000 sheep, 2,014,418 goats and 16,976 donkeys (ANRS 2010). Afar camels account for 320,121. The number of camels measures the person's wealth status; a rich person (Ele-habo Gadeli) could have as high as 1000 camels, Too-degoyeta (a person who owns 30-50 camels), Haan-nakayetu (a person with 2-5 camels) and Alaa-meli (a person without a single camel) (APDB 2012). 
Methods and materials

Study design and data collection method
Three-stage sampling procedure was employed to select camel herding samples. First, four districts, namely, Aysaita, Dubti, Amibara and Awash-Fentale, were selected purposively based on their access to the market and accessibility to roads and towns. Second, the same procedure was followed to select a single pastoral village from each district. Third, camel herding households having lactating camels were selected conveniently from these villages. The sample size was determined based on Arsham (2007) formula at 5% standard error since the camel herders have a homogenous production system and social values. Middlemen were selected using snowball sampling technique. A semi-structured questionnaire was developed to collect quantitative and qualitative data through the interview schedule. Quantitative data were collected such as: camel herd composition, camel milk yield, production, marketing, price and sales, and qualitative data such as milking practice, milk handling, camel milk importance, challenges and opportunities perceived by respondents. Focus group discussions and key informants interviews were also made using checklists. Therefore, a crosssectional survey was conducted among 100 camel herding households; nine traders and three cooperatives between March and April 2017.
In each village, a single focused group discussion was conducted as well as interviews made with camel herding, district leaders, end consumers and local elders to give more insights on camel milk production, consumption and marketing. Furthermore, reviews were made of a camel roadmap report, proceedings, the camel forum of Ethiopia reports, development partners' reports, published journals and other sources of secondary data.
Data analysis
Collected data was analysed by descriptive statistical tools using SPSS version 20. Camel herd composition, milking practice, milk handing, transaction, challenges and opportunities were presented using frequency, percentage and figures. Besides, milk yield, production, price and sales were presented using mean and standard deviation. Camel milk channels and amount of milk flow along each channel were presented in a diagram.
Results and discussion
Camel herd composition of herding households About 87.5% of the herds were female camels. The mean household camel herd composition comprised lactating camels 17.32(56.6%), followed by dry camels 9.49(30.9%) and male camels 3.82(12.4%) ( Fig. 2 ). In comparison, in Kereyu, 90% of camel heads are female camels, in which 30% were lactating camels (Temesgen et al. 2011) ; in Sudan, lactating camels are 25% and males are 9%, of which 7% were slaughtered (Faye et al. 2011 , while 70% camels in Kenya are lactating, which shows households were keeping camels for milk production (Elhadi et al. 2015) . This implies that female camels far exceed male camels to ensure reproductive potential and good milk production for pastoralists as food. Tadesse et al. (2014) also found that in Afar and Somali pastoral societies, wealth is assessed mainly on the basis of the number of female camels owned to ensure food availability and to facilitate herd recovery from mortality due to recurrent droughts in the area.
Camel milking practice and milk yield
During the survey, it was observed that milking was done after the calf suckled the dam for a few minutes to stimulate milk let down. Milking was done by two men. One man conducts the milking with one knee raised to support the milking vessel while the other holds the calf to prevent it from suckling and to assist the man milking ( Fig. 3 , middle). Kebede et al. (2015) , Seifu (2009) and Simenew et al. (2013) argue that in Afar and Somali pastoralists, women are not allowed to milk camels due to the communities' belief that lactating camel do not let down sufficient milk for women. This is similar in Kenya, Somalia and in most parts of Sudan except among the Rashaida tribe where camel milking is practised by women (Eisa and Mustafa 2011) . In Afar, milking was done using smoked milking vessel-locally called Ayni (Fig. 3 , left) made from grass. Smoking the milking vessel with local herbs is believed to improve the flavour, taste and quality, as well as extend the shelf life of the milk. This is in line with reports of Seifu (2007) and Wanjala et al. (2016) that smoking of milk handling containers was effective in hindering microbial growth and could be used as a technique in the sanitation and preservation of raw camel milk in arid and semi-arid areas where cold chains for preservation of milk were unavailable.
The findings showed that the majority (67%) of the camel herders milked their camels twice a day whereas 33% of the households milked three times a day ( Table 1) . The milking was conducted in the mornings and evenings and rarely in the afternoon at grazing area. A similar milking frequency was reported by Simenew et al. (2013) . The Afar people believed three milkings per day give a better yield than two milkings (Nega and Tefera 2012) . Contrasting results were however reported in the Somalia region, where milking frequency ranged from one to five times a day (Kebede et al. 2015) . Thus, the number of milkings per day may vary depending on the pastoral society, season and feed availability that could have an effect on milk production.
The estimated average daily milk yield per camel under pastoralists' milking practices ranged from 2 to 6 L (4.2) ( Table 1 ). The milk yield was measured using small (1 and 2 L) plastic pots and 5-L plastic jerrycans, and all lactating camels were not milked out all the time. Earlier studies conducted in Afar by Nega and Tefera (2012) and Simenew et al. (2013) had reported the daily milk with a range of 0.5-8 and 3-7.62 L, respectively. However, it was difficult to estimate the exact daily yield of the camels under pastoralist conditions, because milk variability is subject to milking practices, breed, season, feeding, stage of lactation, calf survival and household milk demand.
Camel milk utilization
The proportion of household camel milk utilization depends on the accessibility of pastoralists to the market, the numbers of milking animals, seasonal fluctuation with climate, the quantity of milk produced and the number of neighbours and relatives that have insufficient numbers of milking animals. In Ethiopia, camel milk is consumed by Muslims only and by none of the Christians; hence, it is highly utilized by the Muslim pastoral communities of Afar and Somali . Given these conditions, camel milk is considered the main nutritional source for Afar people, consumed in its raw form under the belief that when boiled the camel will die. Camel herders also indicated that children are the primary consumers as they believed that camel milk can substitute for mother's milk; thereby people considered camel milk as a means for survival ( Fig. 4 ).
Children drinking camel milk have had amazing improvements in their behaviour and diets (Abbas et al. 2013) . The lactose content of camel milk (4.8%) is almost similar to human mother's milk and thus can be readily digested by individuals suffering from lactose intolerance (Lvy et al. 2011) . Moreover, camel milk is also consumed along with goat and cow milk in lowland pastoral or agro-pastoral areas of Ethiopia while consumption of camel milk in the mainly Christian highland areas was limited due to a traditional taboo (Tegegne et al. 2013 ). In Sudan, camel's milk constitutes the sole diet of camel herders for considerable periods and they rely completely on camel's milk for more than a month without having drinking water, especially along the migratory routes (Eisa and Mustafa 2011) . More recently, camel milk was marketed in urban areas of Sudan and consumed as fresh, fermented and boiled milk (Faye et al. 2011) . But the preparation of butter and cheese from camel milk was not a tradition in most pastoral societies in eastern Africa (Farah et al. 2007 ).
Camel milk marketing and sales value
Sale of milk has been considered a taboo in Afar and Somali communities. However, selling is on the rise partly due to the settlement of pastoralists and consumer demand for camel milk, as well as a break in traditional beliefs . As reported by Simenew et al. (2013) , some evidence was seen in the main roads of Afar. In our survey, 82% camel households had participated in selling their surplus camel milk, while the rest were reluctant to sell their milk due to traditional taboos. Selling camel milk is also a source of income, and there are a number of camel milk collection centres selling milk in local towns and cities of the Somali region of Ethiopia, as well as exported to the neighbouring country of Somaliland (Mehari et al. 2009; Hussein et al. 2011) . Similarly, in Meiso (Oromia) lowlands of Ethiopia, the majority of pastoralists (78%) had been selling camel milk, but it was not culturally accepted to sell fermented milk (Tegegne et al. 2013) . Milk selling is the role of women in Afar, and this is similar in the Somali region of Ethiopia where it was traditionally and dominantly marketed by women and their organizations along kinship lines (Seifu 2007; Lumadede et al. 2010) . Camel herders sold between 4 and 30 L per day at a price range of USD 0.83 to 1.16, while middlemen had sold between 20 and 100 L per day at a price range of USD 1.16 to 1.39. The estimated camel milk sales value ranged between USD 3.71 and 34.80 at household level as well as between USD 23.20 and 139.20 at middlemen level (Table 2 ). These figures confirmed that herders' movements for their livestock's feed and water by season, in addition to their market orientation are the main reasons for high variability (± 8.17) of milk supply; as a result, income generation became less effective.
During the survey, raw camel milk was sold at camel herders' farm gate (18.3%), main road-sides (58.5%) and nearest towns (23.2%) ( Fig. 5, right) . The milk handling containers used for buying and selling was 1-or 2-L plastic pots (68.3%) and 3-or 5-L plastic jerrycans (31.7%) (Fig. 5, left) This implies that camel milk was marketed in an unorganized manner using unprotected containers; as a result, there was a high probability of milk contamination and spoilage. In Somali region of Ethiopia, milk was usually delivered in plastic jerry-cans (57%) and gourds (43%) A study by Lumadede et al. (2010) . Noor et al. (2013) also argue that ordinary plastic jerrycans are difficult to clean and thus contribute to the frequent milk spoilage.
Camel milk marketing actors and channels
Camel milk actors included individuals and groups who have participated from production up to consumption. Thus, in this case, camel milk core actors were found to be camel herders, traders, formal and informal cooperatives and end consumers. Camel herders included those who had lactating camels, and they mostly obtain higher prices compared to middlemen -(USD 1.16/L) when selling directly to end consumers in contrast to middlemen (USD 0.83/L) ( Fig. 6, left) . The formal milk marketing cooperatives were organized under legal procedures (Fig. 6, middle) , while the informal milk marketing cooperatives were simply organized into groups comprising of close family or nearby herders who collectively sell their milk at the nearest town. Involving women in these groups gave them a higher bargaining power over groups where women were absent. The purpose of informal cooperatives was to minimize transport costs. Such clan-based organizations of women in milk marketing were common in pastoral areas of Oromia (Tegegne et al. 2013) and Somali regions (Lumadede et al. 2010) in Ethiopia.
The traders were equipped with some cooling facilities, mainly the refrigerator at their shop. The traders were either collecting milk themselves from pastoralists' farm gates (at USD 0.83/L) or buying from camel herders who brought the milk to their shops (at a mean price of USD 1.16/L); as a result, the traders sold the milk at prices from USD 1.16 to 1.39 per litre to end consumers. Hence, they could be considered both as collectors and retailers (Fig. 6, right) . Consumers are individuals who consume camel milk both as food and medicine. All of the consumers preferred the milk in its fresh state, and it is highly required at the time of Muslims' fasting period in Ramadan. End consumers' price varied from USD 1.16/L bought from camel herders to 1.39/L from middlemen. Therefore, the milk is highly consumed in the Afar pastoral areas by both camel herder households and other Islamic followers, but it was not easily available at restaurants and cafés for buyers. Figure 7 shows that 69.9% of the milk was sold to end consumers in its raw form and camel herders obtain higher prices than any other alternative channel. Others channels were cooperatives and traders which directly pass the milk to end consumers without adding any value to it. Although there was a private milk processing factory in Awash town which aimed to process camel milk in line with cow milk for exporting to neighbouring countries (Djibouti), the milk marketing routes were limited to the locality. Pastoralists of Somali region in Ethiopia had varied market routes such as to Dire-dawa and Harar towns, and neighbouring Somaliland (Hargeysa) and Somalia (Mogadishu) (Kebede et al. 2015) . This indicates that in Ethiopia, camel milk has domestic and international possible marketing routes, which needs attention as the commodity is a source of foreign earnings.
Pastoralists' beliefs on camel milk usefulness
During the survey, all pastoralists considered camel milk as ready on-hand medicine for different diseases. Dromedary camel milk has been believed to provide potential treatment for diseases such as jaundice, malaria, constipation, stomach ulcers, postpartum of women, snake bite and flatulence (Seifu 2007) and diabetics in Somali region (Bussa et al. 2017) ; jaundice, malaria and constipation in Kenya (Akweya et al. 2012) ; diarrhea, constipation, stomach ulcers, wounds and liver disorder in Pakistan (Abbas et al. 2013 ); diarrhea and autism in Israel (Yagil 2013) ; tuberculosis and HIV/AIDS related problems in hospitals of Arab countries (Nori et al. 2018) ; gastroenteritis, tuberculosis, diabetics, allergies, autism, liver inflammation, arthritis and cancer in India (Kumar et al. 2004 ). This may be due to the fact that camels browse on various plant species and active agents with therapeutic properties secreted into the milk (Seifu 2007; Bussa et al. 2017) . In this regard, most of the interviewed pastoralists indicated that camel milk is extensively applied to treat a wide range of diseases as presented in Table 3 . Moreover, as indicated in Table 4 , all pastoralists perceived that camel milk is a nutritionally rich food because it gives strength and endurance mainly for aged people and children. It is also consumed as an item of ensuring food security by all camel herders. Amante (2014) also found that people who suffer from malnutrition are typically sent to camel herders to drink milk and recover, and children who drink camel milk grow faster and stronger. They also believed that camel milk strengthens social linkages amongst pastoral communities. It bridges marriage linkage and compensation of injured parties in clan disputes and is a social offering for a guest. Nori et al. (2018) found that the milk is used as a gift, as part of a system of maintaining family ties and mechanisms of social support in the arid areas of eastern Africa. In addition, camel milk is considered as an additional source of income and creates job opportunities in households. This finding also supported by Seifu (2007) , Noor et al. (2013) , Elhadi et al. (2015) , Kebede et al. (2015) and Wako (2015) who have found that camel milk had been contributing significantly to pastoralists' income and daily food throughout the year.
Challenges and opportunities towards camel milk production and marketing Challenges
It was observed that only a small volume of milk was marketed by the camel herders, and middlemen were not fully involved in the milk trading due to the factors discussed below (Fig. 8) . The major sources of camel feed in Afar region are natural pasture and browse species, but rangeland-based animal feed resources are declining year after year due to cutting trees for making charcoal and firewood, as well as due to recurrent drought. Thus, feed availability is a very critical challenge contributing to low milk productivity. Camel diseases were another concern in the Somali region of Ethiopia, leading to low milk productivity (Kebede et al. 2015) . There was no transport service which fulfils the need of camel herders to carry their milk long distances to markets; hence, camel herders are forced to sell their produce at the farm gate. Underdeveloped marketing infrastructure had forced the women in the Somali region to sell their milk at the roadsides. Poor infrastructure also led to the absence of conventional milk value addition as compared to the Kenyan pastoral systems (Noor et al. 2013 ). Limited efforts have been initiated by Ethiopian Meat and Milk Institute (EMMI) and the Pastoral Resilience Improvement through Market Expansion (PRIME) project in providing technical training and financial support to build pastoralists' milk handling, marketing capacity and capability. However, it was revealed in our study of Afar region that there were scant support services provided to camel herders and middlemen in terms of camel health, milk safety and improved technical facilities. Camel herders and informal cooperatives were observed selling their milk on roadsides using plastic containers which have a high probability of being contaminated and spoiling the milk. Similarly, in the Somali region, poor milk storage and processing facilities led to the loss of milk (Kebede et al. 2015) . Muslims are the main consumers of camel milk, but some do not drink for fear of diarrhoea. However, Christian people in Ethiopia are forbidden to consume camel milk. On the other hand, some camel herders are still reluctant to sell camel milk due to the traditional belief that if they sell camel milk their camel milk production will decrease and eventually die. They had not allowed milk to be sold for fear of boiling the milk and thereby decreasing its nutritional and medicinal value.
Opportunity
Even though camel milk production and marketing fall under different challenges, there are various opportunities which would allow the commodity to move forward as a business (Fig. 9) . The large number of female camels kept by each household would be a main source for surplus milk production throughout the year. Tadesse et al. (2013) confirmed that a large number of a camel population dominated by females is indicative of the importance of camels as milk providers to the pastoral community, in addition to the adaptability of the animal to the hostile environment of the area. Besides, camel herders in our survey confirmed that consumption of camel milk has better nutritional and medicinal value and longer shelf life compared to other livestock milk. Shelf life is recorded as 7seven days (Seifu 2007 ). It has been also observed that the price of camel milk was increasing from year to year and the market price was remarkable (USD 1.16-1.39 per litre) relative to other livestock milk price, e.g. cow milk (mean USD 0.55/L). As a result, consumers purchase the milk without compromising about its price. Tefera et al. (2012) also confirmed that camel milk fetches the highest price in Afar and Somali regions and has the highest turnover irrespective of the season. This implies that camel milk was highly valued despite its cost. During the survey period, a milk processing factory was being installed in the region, which aimed to collect raw milk from a distance of 100 km radius, which would be good fortune for camel milk to break through into the value chain.
Conclusions and recommendations
Raw camel milk is considered as the key to pastoralists' children's survival amongst the Afar. Camel milk is rich in nutritives, creates cash income, builds social relations and is used to treat a wide range of diseases. There are opportunities for the commodity move forward as a business; however, it is constrained by feed shortage for camels, poor marketing services, unavailability of clean milk containers and milk collection centres, traditional taboos and lack of institutional and technical support. Therefore, the following recommendations are put forward to better realize the camel milk production and marketing efficiency and effectiveness.
Provision of continuous training of the pastoralists would change the traditional taboos related to selling of camel milk, thereby enhancing household income generation. The regional government needs to call on private investors to engage in camel milk value addition.
Interventions on camel milk should target women and recognize the informal cooperatives, allowing them to enter into formally organized camel milk business.
Camel herders and middlemen need to use appropriate milk containers made up of aluminium and hygienically prepared during collection, transportation and storage of the milk, to ensure safety and quality standards of the milk.
Regulations on forest protection against illegal cutting of trees for making charcoal and firewood, and conservation of natural resource would minimize the camel feed shortage, thereby improving camel milk productivity. The real medicinal importance of camel milk for the treatment of diseases mentioned by the camel herders should be further investigated scientifically.
